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d P  1.123 and n 2 b  1.4241; ir 5.73 (C=O), 8.13 (=COC), and 
10.31 (oxetane ring). 

Anal. Calcd for C&Oa: C, 51.7; H ,  7.81. Found: C, 
51.6; H ,  7.92. 

Oxetyl acetate was also prepared by acylation of oxetanol with 
acetyl chloride. Oxetanol (5.63 g, 76 mmol) in benzene (75 
ml) containing Et3N (7.70 g, 76 mmol) was treated at 0" with 
acetyl chloride (5.96 g, 76 mmol). After 30 min gc showed a 
conversion of 95%. The reaction mixture was extracted with 
75 ml of water and the organic phase was washed three times 
with 10-ml portions of water. Analysis of the water extract 
after 2 days showed the presence of product, which was extracted 
with three 15-ml portions of benzene after saturation with salt. 
Some product was probably lost through hydrolysis in the aque- 
ous phase. The combined organic layers were distilled a t  atmo- 
spheric pressure to remove solvent and the crude product was 
vacuum distilled through a 6-in. glass helices packed column to 
give oxetyl acetate (5.33 g, 46 mmol, 64% corrected yield), 
bp 46-47" (7 mm). 

Oxetyl Acrylate.-3-0xetanol(50.0 g, 0.68 mol), ethyl acrylate 
(134 g), aluminum isopropoxide (1.5 g), and phenyl-p-naphthyl- 
amine (3 g) were heated to reflux. Only a trace of ethanol was 
found in the distillate. Metallic sodium, (0.5 g) was added, and 
100 ml of ethyl acrylate was distilled and replaced with 100 ml 
of allyl acrylate. The latter was slowly distilled and the residue 
was vacuum distilled, giving 3-oxetanol (34 g, 0.46 mol), a higher 
boiler [74-76" (1 Torr), 6 g], and 12 g of pot residue. The 
oxetanol fraction contained about 57, of a higher boiling material 
which was trapped by gc (125O, silicone column) and identified 
as oxetyl acrylate (670 yield) by ir. 

Oxetyl acrylate was also prepared by reaction of oxetanol with 
acrylyl chloride. Oxetanol (5.63 g, 76 mmol) in benzene (75 ml) 
containing Et3N (7.70 g, 76 mmol) was treated at  0" with acrylyl 
chloride (6.88 g, 76 mmol). Conversion after 30 min as deter- 
mined by gc was about 95%. The reaction mixture was worked 
up as described under the preparation of oxetyl acetate. The 
distilled oxetyl acrylate [3.5 g, (27 mmol), 38Y0 corrected yield] 
had the following physical properties: bp 58" (6.5 mm); d P  
1.111; nZoD 1.4515; ir 5.81 (C=O), 6.13 and 6.18 (C=C), and 
10.31 p (oxetanering). 

Anal. Calcd for C&Oa: C, 56.2; H, 6.29. Found: C, 
56.1; H, 6.14. 

Ethyl j-(j'-Oxetoxy)propionate .-The high-boiling fraction ob- 
tained in the preparation of oxetyl acrylate was identified by 
nmr as ethyl 3-(3'-oxetoxy)propionate (0.035 mol, 16% yield): 
d421 1.090; nZ1D 1.4384; ir 5.77 (C=O), 8.45 (=cot), and 10.29 
p (oxetane ring). 

Anal. Calcd for C&O4: C, 55.2; H, 8.10. Found: C, 
55.1; H, 8.03. 

Attempted Dehydroacetoxylation of Oxetyl Acetate.-In the 
first experiment oxetyl acetate (9.3 g, 0.08 mol) was passed in 7 
rnin through a 30 X 1 cm Vycor tube at  490 =t 10'. Almost all 
of the oxetyl acetate was recovered unchanged. In a second run 
oxetyl acetate (8.1 g, 0.07 mol) was passed in 40 min through 
the reactor a t  605 k 5 " .  The condensate was collected in 
pyridine (14 g) cooled to -40". This receiver was followed by a 
water condenser and a -78" trap. The condensate in the first 
receiver amounted to 6.3 g; nothing was collected in the -78" 
trap. Gc (Igepal column) and ir showed a small amount of 
HzO and unchanged starting material. 

Oxetyl acetate was heated in a sealed tube with excess diethyl- 
amine for several hours a t  150"; no evidence of reaction was 
observed. 

Polyoxetano1.-A freshly distilled sample of 3-oxetanol (about 
150 g) became hazy after several weeks under ambient conditions 
and after a few months i t  had a milky appearance. Filtration 
and ether washing gave 0.6 g of white, amorphous powder, mp 
125-130", mol wt (osmometric), 1397. The milky filtrate was 
distilled (65", 5 Torr) and the pot residue was dissolved in hot 
ethanol. On cooling an additional 1.5 g of precipitated poly- 
oxetanol was obtained, mp 125-135", mol wt, 1723. Both 
fractions of polyoxetanol were water soluble, ir (KBr) 2.97 (OH) 
and 8.99 p (COC), nmr (DMSO-&) doublet centered at 4.66 ppm 
(sec OH). 

Anal. Calcd for (CaH602)z: C, 48.6; H ,  8.16. Found: 
C, 47.8; H, 8.2. 

Registry No. -1, 6777-00-0; cis-2, 40307-01-5; trans- 
2, 40307-02-6; 4, 7748-36-9; 4 polymer, 39275-61-1; 
11, 26272-83-3; 12, 26272-86-6; 13, 39267-79-3; 14, 
26272-85-5; 15, 39267-81-7; 16, 6704-31-0; 18, 39267- 
83-9; 19, 39267-84-0; 20, 39267-85-1; tosyl chloride, 
98-59-9; diethylamine hydriodide, 19833-78-4; 2,3- 
(diethylamino)propanol, 13429-30-6; 3-chlorooxetane, 
4741-80-4; allyl acetate, 591-87-7; acetyl chloride, 
75-36-5; ethyl acrylate, 140-88-5; acrylyl chloride, 
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Di- and trimethylthiopurines, which can form anions, are resistant to alkaline hydrolysis. After introduction 
of an ili-methyl substituent, these compounds are incapable of forming anions and become susceptible to attack 
by hydroxyl ion. The course of these reactions can be predicted satisfactorily by Fukui's superdelocalizabilities 
for nucleophilic attack; the same order of reactivities is derived for analogous methylthio- and chloropurines, 
in accordance with the limited experimental observations. 

Many attempts have been made to establish the 
order of reactivity of purines toward nucleophilic re- 
agents. The most useful model is 2,6,8-trichloro- 
purine (TCP), in which nucleophilic displacement of 
the halogens by a variety of bases follows the order 
6 > 2 > 8.2-4 However, for 7- and 9-methyl-TCP, 

(1) Dedicated t o  our teacher and friend, Professor E. Lederer, Director, 
Institut de Chimie des Substances Saturelles, Gif-Sur-Yvette, France, on 
the occasion of his 65th birthday. 

(2) (a) E. Fischer, Chem. Ber., SO, 2226 (1897); (b) R.  K. Robins and 
B .  E. Christensen, J .  Amer. Chem. Soc., 14, 3624 (1952). 

(3) 8. R. Breshears, S. S. Wang, S. G. Bechtolt, and B. E. Christensen, 
J .  Amer. Chem. Soc., 81, 3789 (1959). 

(4) E. Fisoher, Chem. Ber., SO, 1846 (1897). 

the relative reactivity toward ethoxide ion was found 
to be 8 > 6 > 2.485 The latter result is in good agree- 
ment with the observations of Rarlin6 on the three 
isomeric 9-methylmonochloropurines and has been 
explained as follows.5 The reaction of TCP with bases 
involves the anion of the substrate, in which the nega- 
tive charge is concentrated mainly in the imidazole 
ring, thus making nucleophilic attack a t  C-8 difficult. 
The 7- or 9-methyl derivatives of TCP cannot form 
anions and thus follow the order of reactivity derived 

(5) E. Y. Sutoliffe and R. K. Robins, J .  Org. Chem., '28, 1662 (1963). 
(6) G. B. Barlin, J .  Chem. Soc. B, 954 (1967). 
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by Mason’ from MO calculations for the neutral form 
of purine. 

We have reinvestigated this problem, using as a 
model the alkaline hydrolysis of di- and trimethyl- 
thiopurines. We shall demonstrate that the introduc- 
tion of an N-methyl substituent has a decisive influence 
on the direction of nucleophilic attack, and shall derive 
a general scheme for these reactions. 

The 2,6- (l), 2,8- (6), and 6,8-dimethylthiopurines 
(8) and likewise the trimethylthio derivative 11 proved 
to be resistant to hydrolysis by boiling 2 N sodium 
hydroxide. On the other hand, the corresponding 
2,6-,3 6,8-,8 and 2,8-dichlorop~rines,~ like TCP, do react 
under these conditions. This we ascribe to  the fact 
that chloride ion is a much better leaving group than 
the methylmercaptide ion. 

I n  contrast, all N-methyl derivatives of the above 
methylthiopurines, being unable to form anions, un- 
dergo alkaline hydrolysis. The results are summarized 
in Table I. 

TABLE I 
HYDROLYSIS OF DI- AND TRIMETHYLTHIOPURINES 

BY NUCLEOPHILIC REAGENTS 
Attaok 

at 
posi- Method Prod- 

No. Compd tion useda uct 
1 2,6-Dimethylthiopurine E 

3 3-Methyl-2,6-dimethylthiopurine 2 c 18 

6 2,s-Dimethylthiopurine E 

8 6,s-Dimethylthiopurine E 

2 l-Methyl-2,6-dimethylthiopurine 6 A, B 15 

4 7-Methyl-2,6-dimethylthiopurine 6 D 23 
5 9-Methyl-2,6-dimethylthiopurine 6 D 21 

7 l-Methyl-2,8-dimethylthiopurine 2 D 17 

9 3-Methyl-6-methylthio-8-chloro- 6 (SH-)* 20 

10 3-Methyl-6,8-dichloropurine 6 (SH-)b 20 
purine 

11 2,6,8-Trimethylthiopurine E 
12 l-Methyl-2,6,8-trimethylthiopurine 6 C 16 
13 3-Methyl-2,6,8-trimethylthiopurine 2 c 19 
14 S-Methy1-2,6,8-trimethylthiopurine 8 E 22 

a For specification of the conditions used see Experimental 
With these purines, thiohydrolysis was tested instead 

0 12 was so sensitive to  hydrolysis that 
Section. 
of hydrolysis by OH-. 
it  could not be isolated in pure form. 

l-Methyl-2,6-dimethylthiopurine (2) is hydrolyzed 
instantaneously by dilute ammonia a t  room tempera- 

(7) 8. F. Mason in “The Chemistry and Biology of Purines,” Ciba 

(8) R. K. Robins, J .  Amer. Chem. Soc. ,  80, 6671 (1958). 
(9) A. G. Beaman and R .  K. Robins, J .  A p p l .  Chem., 18, 432 (1962). 

Foundation Symposia, 1957, p 72. 

ture, or even by boiling water, at position 6 t o  yield the 
hypoxanthine 15 (Scheme I). The corresponding 1- 
methyl-2,6,8-trimethylthio derivative 12 is so sensitive 
t o  hydrolysis that it could not be isolated in pure form. 
Treatment of l-methyl-2,8-dimethylthio-6-thiopurine 
(31, Scheme VI) with methyl iodide in DMF or aceto- 
nitrile, either at room temperature or at 70° ,  was in- 
effective. When the purine 31 was dissolved in dilute 
aqueous alkali and treated a t  room temperature with 
methyl iodide, the hypoxanthine 16 was obtained di- 
rectly (Scheme VI). This result clearly demonstrates 
that in 12, again, the 6-SMe group is the most reactive 
one (Scheme I). 

If, however, the 6-methylthio substituent is missing, 
as in 7, then alkali attacks at position 2 to give 17 
(Scheme I). Combination of the results, obtained 
with 2, 12, and 7, permits us t o  establish for l-methyl- 
2,6,8-trimethylthiopurine (12) the following sequence 
of reactivity toward nucleophilic reagents: 6 > 2 > 8. 

3-?v’Iethyl-2,6-dimethylthiopurine (3) and the corre- 
sponding trimethylthio derivative 13 both undergo 
hydrolysis a t  position 2 to yield 18 and 19, respectively 
(Scheme 11). In  order t o  determine whether position 
6 or 8 follows next on the reactivity scale, we should 
test 3-met hyl-6 ,8-dimet hylt hiopurine. However , this 
compound decomposed rapidly in alkaline media, and 
no defined product could be isolated. Therefore re- 
sults are based on observations with 3-methyl-6-methyl- 
thio-8-chloropurine (9) , which was found previously to  
react with sulfhydryl ion a t  position 6 to give 20,lo al- 
though, as stated before, chloride ion is a much better 
leaving group than the methylmercaptide ion. In  
analogy, 3-methyl-6,8-dichloropurine (10) reacted with 
sulfhydryl ion first a t  position 6 to yield again 2010 
(see Scheme 11). On this basis, we may derive for 3- 
methyl-2,6,8-trimethylthiopurine (13) the sequence 
2 > 6 > 8 for nucleophilic attack. 

In  9-methy1-2,6,8-trimethylthiopurine (14), hydrol- 
ysis involves position 8 (22), while, in 9-methyl-2,6- 
dimethylthiopurine ( 5 ) ,  position 6 is attacked first (21) 
(Scheme 111). These results lead to the same order of 
reactivity as that established by Sutcliff e and Robins5 
for 9-methyl-TCP, uiz., 8 > 6 > 2. 

The 7-methyl derivative of 11 was not available. 
From the experiments with 7-methyl-TCPj and from 
our own observations with 7-methyl-2,6-dimethyIthio- 
purine (4)) which yielded the hypoxanthine 23 (Scheme 
IV), we suggest again the sequence 8 > 6 > 2 .  

(10) D. Diller, 2. Neiman, and F. Bergmann, J .  Chem. SOC. C, 878 (1968). 
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In  Table I, we show also the various procedures used 
to split off the most reactive methylthio group in each 
case. Column 3 shows that the relative velocity for 
the various N-methyl derivatives is 1-Me >> 3-Me > 
7-Me - 9-Me. 

MO Calculations of Relative Susceptibility to Nucleo- 
philic Attack. -Using Pullman’s parametrization,11 we 
have performed ?r-electronic Huckel-type calculations 
on methylthiopurines; the coefficients of the wave 
functions mere subjected to  a “frontier” analysis, as 
formulated by Fukui,12 in order t o  obtain the super- 
delocalizabilities for nucleophilic attack. In  these 
calculations, we have followed the same principle used 
above to  determine the experimental sequences of re- 
activities. First, the site most susceptible to nucleo- 

(11) A. Pullman and B. Pullman, “Quantum Biochemistry,” Interscience, 

(12) K. Fukui, T. Yonezawa, and H. Shingu, J .  Chem. Phys., 20, 722  
New York, N. Y.,  1963, p 108. 

(1952). 

philic attack w7as derived for the isomeric N-methyl- 
2,6,8-trimethylthiopurines. Next, the susceptibility 
of the dimethylthiopurine, lacking the most reactive 
SMe substituent, was analyzed. The results in Table 
I1 (A) are in perfect agreement with the sequences 
found experimentally. 

In  a few cases (7- and g-meth~l-TCP,~ 7-methyl- 
2,6-dichloropurine,13 and lo), the sequence of N-methyl- 
chloropurines for nucleophilic attack has been found 
identical with that established for the corresponding 
methylthio derivatives 4, 5 ,  and 9.  Therefore we have 
also caIcuIated the superdelocalizabilities for nucleo- 
philic attack of N-methyldi- and -trichloropurines, fol- 
lowing the principles explained above. Table I1 (B) 
not only shows agreement with the limited experimen- 
tal data, but also predicts .that, in this series, all se- 
quences should be identical with those of the corre- 
sponding met hylt hiopurines. 

(13) R. N. Prasad and R.  K. Robins, J .  Amer.  Chem. Sac. ,  19 ,  6401 
(1957). 
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TABLE I1 
SEQUENCE OF NUCLEOPHILIC ATTACK, DERIVED FROM FUKUI’S SUPERDELOCALIZABILITIES~ 

Registry -Superdelocalizability for nucleophilic attack- 
no. Compd c -2  ‘2-6 C-8 

A. Methylthiopurines 
l-Methyl-2,6,8-trimethylthiopurine (12) 0.898 0.984 0,846 
l-Methyl-2,8-dimethylthiopurine (7) 0.896 0.761 
3-Methyl-2,6,8-trimethylthiopurine (13) 0.825 0.697 0.815 
3-Methyl-6,8-dimethylthiopurine 0.877 0.657 
7-Methyl-2,6,8-trimethylthiopurine 0.720 0.724 0.852 

9-Methyl-2,6,8-trimethylthiopurine (14) 0.800 0.826 0.889 
9-Methyl-2,6-dimethylthiopurine ( 5 )  0.773 0.815 

B. Chloropurines 

7-Methy1-2,B-dimethylthiopurine (4) 0.759 0. r96 

39008-33-8 l-Methyl-2,6,8-trichloropurine 1.310 1.865 0.942 
39008-34-9 l-Methyl-2,8-dichloropurine 1.319 0.963 
39008-35-0 3-Methyl-2,6,8-trichloropurine 1,790 1.763 0.974 

16404-16-3 7-Methyl-2,6,8-trichloropurine 0.962 1.062 1.883 

39008-39-4 9-Methyl-2,6,8-trichloropurine 0.997 1.104 1.181 

18019-41-5 3-Methyl-6,8-dichloropurine 1.79s 0.991 

2273-93-0 7-M et hyl-2,6-dichlor opurine 0.963 1.069 

2382-10-7 9-Methyl-2,6-dichloropurine 1.003 1.115 
a The most susceptible site in each derivative is italicized. 

Sequence 

6 > 2 > 8  

2 > 6 > 8  

8 > 6 > 2  

8 > 6 > 2  

6 > 2 > 8  

2 > 6 > 8  

8 > 6 > 2  

8 > 6 > 2  

Discussion 

In  Fukui’s method, the site most susceptible t o  nu- 
cleophilic attack is calculated. Resonance theory 
derives all possible polar forms of a heterocyclic mole- 
cule in its ground state, in most cases without any in- 
dication of their relative contributions. Moreover, 
the activation process during a chemical reaction may 
change these contributions in favor of one specific 
form. Nevertheless, we shall try in the following t o  
discuss the probable course of the nucleophilic reactions 
of methylthiopurines in terms of resonance theory. 

In  the neutral molecules of 3, ’7, 13, and 14, the 
methylthio group nearest to the N-methyl substituent 
is the first to suffer hydrolysis. Thus, in these cases, 
the attack of OH- is clearly directed by the N-methyl 
group, presumably by virtue of its positive charge in 
the polarized molecule, as for instance in 3b and 13b 
(Scheme 11). This type of electrostatic attraction is 
strongly enhanced during approach of the nucleophilic 
reagent; L e . ,  3b and 13b become predominant over 
3c and 13c. 

I n  the polarized forms of 2 and 12, the negative 
charge is spread over position 3 (2b and 12b) and the 
imidazole ring (2c and 12c) (Scheme I) .  Thus, al- 
though the positive center at N-l is a t  equal distance 
from the 2- and 6-methylthio substituents, the ap- 
proach of OH- to position 2 is less favored because of 
the adverse effect of the partial negative charge at K-3. 
Although mesomer c, in which the aromatic structure 
of the pyrimidine ring is preserved, probably makes a 
more important contribution, only mesomer b intro- 
duces a difference in the nucleophilicity of positions 2 
and 6; thus attack at position 6 becomes predominant. 

Similar considerations may be applied t o  those di- 
methylthiopurines in which hydrolysis of one SMe sub- 
stituent is preferred, although the N-methyl group is 
not adjacent to any methylthio group. Thus, in the 
polarized forms of 9 and 10, the negative charge is 
spread over N-1 (9b, lob) and the imidazole ring (9c, 
10c) (Scheme IT). Here, mesomer c contributes more 
than the b form because of the aromatic structure of the 
pyrimidine ring in c and because of the participation 

of both N-7 and N-9 in the distribution of the negative 
charge. Mesomer c becomes even more predominant 
during the approach of the anion SH-, so that thio- 
hydrolysis of the 6 substituent in the pyrimidine moiety 
is preferred. 

Similarly in the polarized forms of 4, the negative 
charge is distributed between N-9 (4b), N-1, and N-3 
(4c) (Scheme IV). Here attack at C-6 is preferred 
over C-2 for the following reasons: (a) the vicinity of 
the positive charge a t  N-7, (b) concentration of the 
negative charge in 4c near position 2. Again we as- 
sume that the unequal distribution of negative charge 
is enhanced by the approach of the nucleophilic reagent. 

The polarized forms of the 9-methyl derivative 5 
indicate again a higher negative charge around C-2 
than C-6 (Scheme 111). 

Similar reasoning can explain the sequence of hy- 
drolysis in the anions of di- and trichloropurines. In  
the anion of TCP (27), the negative charge is distributed 
over the imidazole ring (27a), N-1, and P\’-3 (27b) 
(Scheme V). It is evident that only in 27a is the aro- 

SCHEME v 
R2 

matic structure of the inolecule preserved and that the 
density of negative charge around C-6 is lower than in 
the vicinity of C-2. This explains the order of reac- 
tivity established for TCP4a5 and similarly for 2,6- 
dichloropurine (24) and its 6,8- (25)8,g and 2,8-dichloro 
isomers (26).9 I t  should, however, be recalled that the 
absence of an N-methyl substituent and the con- 
comitant lack of a positive center in these molecules 
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makes attack of OH- much more difficult. Thus 
Fisher14 isolated crystalline salts of TCP with various 
metal cations; 63- and 2&dichIoropurine required 
boiling 4 N KaOH to effect hydrolysis.g 

In  summary, the order of reactivity in methylthio- 
purines, and by analogy in chloropurines, can be ex- 
plained qualitatively by the combined influence of 
three factors: (a) the polarity of the molecule, im- 
posed by the presence of an N-methyl substituent; 
(b) the polarizability of the molecule, which enhances 
small differences in charge distribution during the ap- 
proach of a nucleophilic reagent; and (c) the prefer- 
ence for resonance forms which preserve the aromatic 
character of the ring system. 

Evidence for the Structure of the Oxopurines, Re- 
sulting from Hydrolysis of Methylthio Groups. -Com- 
pounds 1515 and 1816 were identical with known syn- 
thetic products. 7-~Iethyl-2-methylthiohypoxanthine 
(23) was synthesised independently by S-alkylation of 
the known 7-methyl-2-thioxanthine (28)13 (see Scheme 
IV) , Similarly, 3-methyl-6,8-dimethylthio-2-oxopurine 
(19) was prepared by methylation of 3-methyl-6,8- 
dithiouric acid (29) (see Experimental Section). 

Identification of l-methyl-8-methylthio-2-oxopurine 
(17) is based on the fact that the 6 value of the 1-methyl 
group is shifted upfield by about 0.5 ppm upon hy- 
drolysis of 7 (Table 111). On the other hand, the 1- 

TABLE 111 
INFLUENCE OF Oxo GROUPS O N  THE CHEMICAL 

SHIFT OF THE MI METHYL GROUP IN PURINES 
INMe, 

ppm, of 
Registry neutral 

no. Compd molecule 

21802-40-4 1-Methylpurine 4.20 
1008-40-8 1 -Met hyl-6-me t hylt hio- 4.12 

1125-39-9 1-Methylhypoxanthine 3.65 
39008-42-9 1-Methyl-8-oxopurine 4.19 

l-Methyl-2,6-dimethyl- 4.10 
thiopurine (2) 

38759-23-8 1-Methyl-6-methylthio- 3.69 
2-oxopurine 

39008-44-1 1-Methyl-8-methylthio- 3.61 
2-oxopurine 

39008-45-2 1-Methyl-6-methylthio- 4.21 
8-oxopurine 

1-Methyl-Zmethylthio- 3.46 
hypoxanthine (15) 

l-Methy1-2,8-dimethyl- 4.06 
thiopurine (7) 

l-Methyl-2,8-dimethyl- 3.65 
thiohypoxanthine 
(16) 

2-oxopurine (17 1 

purine 

1-Methyl-8-methylthio- 3.60 

methyl signal is displaced only slightly by introduction 
of an oxo group into position 8. This is seen clearly 
in Table I11 by comparison of 1-methylpurine with 1- 
methyl-8-oxopurine and of other series of l-methyl- 
purines. 
l-I\Iethy1-2,8-dimethylthiohypoxanthine (16) was 

synthesized from l-rnethyl-2-methylthio-6-oxo-8-thi0- 
purine (30), as shown in Scheme VI. 

(14) E. Fisoher, Chem. B e y . ,  80, 2220 (1897). 
(15) G. Elion, J .  Org. Chem., 27, 2478 (1962). 
(16) Z. Neiman and F. Bergmann, Israel J. Chem., a, 85 (1965). 
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The structure of 9-methyl-2-methylthiohypoxan- 
thine (21) is derived from the fact that this compound 
differs from the alternative product of hydrolysis of 5 ,  
vix. , 9-met hyl-6-me t hylt hio-2-oxopurine, which has 
been described recent1y.l' 

Finally, the structure of 9-methyl-2,6-dimethylthio- 
8-oxopurine (22) was established by elementary anal- 
ysis, by uv and nmr spectra, and by the fact that this 
compound differed from the other two possible prod- 
ucts of hydrolysis of 14, vix., 9-methyl-2,8-dimethyl- 
thiohypoxanthine (34) and 9-methyl-6,8-dimethyIthio- 
2-oxopurine (36), which both were obtained by  un- 
equivocal procedures (see Table 1V and V and Ex- 
perimental Section). 

Experimental Section 
All melting points were determined on a Fisher-Johns apparatus 

and are uncorrected. Analyses were by M. Goldstein, Jerusalem. 
Uv spectra were measured on a Hitachi Perkin-Elmer Model 124 
spectrophotometer and nmr spectra on a Jeol MH-100 instru- 
ment, using TSP (sodium 3-trirnethylsilylpropionate-3$,3,3-da 
of Merck, Sharp and Dohme, Canada) as internal standard. 

For descending chromatography on Whatman paper No. 1, 
the following solvents were used: A, 1-butanol-acetic acid-water 
(12:3:5, v/v); B, ethanol-DMF-water (3:1:1, v/v). Spots 
were located by their fluorescence under a Mineralight UV lamp 
( A  - 254 nm). 

General Procedures. S-Methylation of thiopurines was carried 
out at room temperature by stirring a solution of the substrate 
in 1 N NaOH with 2 equiv of methyl iodide. The product was 
precipitated by neutralization with glacial acetic acid. 

Hydrolysis of Methylthiopurines. Method A.-A suspension 
of the substrate in water was refluxed until all the material had 
gone into solution. The product crystallized upon cooling. 

Method B.-A solution of the methylthio derivative in 25% 
ammonia was kept a t  room temperature for 10 min. 

Method C.-A suspension of the substrate in NaHC03 was 
stirred and refluxed for 2 hr. The solution was brought t o  pH 6 
by addition of glacial acetic acid and the precipitate was purified. 

(17) D. Lichtenberg, F. Bergmann, and Z. Neiman, J. Chem. sot., 
Perkin Trans. I, 1676 (1972). 
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TABLE V -- Analysis, % - Molecular Calcd -Found I 

No. Formula weight C H N S C H N B 

17 C7HsN40S 196 42.9 4 . 1  28.6 16.3 42.7 4.0 28.5 16.2 
21 C7HsN40S 196 42.9 4.1 28.6 16.3 42.5 3.9 28.2 16.0 
23 C7HsN40S 196 42.9 4 .1  28.6 16.3 42.9 4.0 28.3 16.1 
29 CsHsN40Sz 214 33.6 2 . 8  26.2 29.9 33.3 2 .6  25.9 29.4 
35 CsHeN40Sz 214 33.6 2 . 8  26.2 29.9 33.2 2 . 7  25.9 29.5 
16 CsHieNaOS2 242 39.7 4 . 1  23.1 26.4 39.6 4.1 23.0 26.3 
19 CsHloNaOSz 242 39.7 4 . 1  23.1 26.4 39.5 4.1 23.0 26.2 
22 C ~ H I ~ N ~ O S Z  242 39.7 4.1 23.1 26.4 39.4 4 . 0  23.1 26.3 
34 CsHioN~OSa 242 39.7 4.1 23.1 26.4 39.4 4 . 2  22.9 26.1 
36 CSHIBN~OS~ 242 39.7 4.1 23.1 26.4 39.2 3 . 9  22.7 26.0 
31 C7HsN4Sa 244 34.4 3 . 3  23.0 39.3 34.2 3 . 1  22.6 38.8 
32 CsHioNaSa 25@ 37.2 3 .9  21.7 37.2 37.7 4.1 22.1 36.8 

a Measured by mass spectrum; nmr (CDCla) 6 2.76 (s, 2-SMe), 2.84 (s, 8-SMe), 4.16 (s, 1-XMe) ppm. 

Method D.-A suspension of the methylthiopurine in 2 N 
XaOH was refluxed for 20 min. The clear solution was brought 
to pH 6 by addition of glacial acetic acid. 

Method E.--A suspension of the substrate in a mixture of 2 AT 
NaOH-methanol ( 4 : l )  was stirred and refluxed for 30 min. 
The methanol was removed in  vacuo and the clear aqueous solu- 
tion was acidified with glacial acetic acid. 

Purines.-The following compounds were prepared according 
to known procedures: 2,6-dimethylthiopurine ( l)ls and its 7- 
methyl derivative 4;13 the other N-methyl derivatives of I, viz., 
2, 3,  and 5;19 2,8-dimethylthiopurine (6)z0 21  and its 1-methyl 
derivative ?;I9 6,8-dimethylthiopurine (S),8 its 3-methyl deriva- 
tive,'$ and 9 and 10;'O 2,6,8-trimethylthiopurine (11)21 and its 
methyl derivatives 13 and 14;l9 1-methyl-2-methylthiohypoxan- 
thine ( 1 5 p  and 3-methyl-6-methylthio-2-oxopurine (18).'6 

New Compounds. 1-Methyl-2,s-dimethylthiohypoxanthine ( 16) 
and Derivatives. A.  l-Methyl-2-methylthio-6-oxo-S-thiopurine 
(30; See Scheme VI) .-A solution of 4,5-diamino-l-methyl-2- 
methylthi0-6-oxopyrimidine~~ (3 g) in pyridine (120 ml) and car- 
bon disulfide (10 ml) was refluxed for 5 hr. The residue, re- 
maining after evaporation of the volatile components, was 
stirred and heated with water (100 ml) for 10 min. The insoluble 
brown portion was filtered off and dissolved in 1 ,A7 NaOH, and 
the reaction product was precipitated by glacial acetic acid, mp 
>300° dec (3 g, 82%) (for physical properties see Table IV). 
Although this compound was not easily purified, its structure was 
established by hydrolysis with 6 N HCl t o  1-methyl-8-thiouric 
acidzz (see Scheme VI). 

B. 1-Methyl-2,s-dimethylthiohypoxanthine (16).-A solution 
of 30 (1 g) in DMF (50 ml) and methyl iodide (2 nil) was kept 
a t  room temperature for 12 hr. The solvent was removed in  vacuo 
and the residue was treated with a small amount of cold water. 
The insoluble portion was dissolved in 1 ,V NaOH and the product 
was precipitated by neutralization with glacial acetic acid, mp 
275". The compound was identical in all respects with purine 16, 
described below (see also Table IV). 

C. l-Methy1-2-methylthio-6,d-dithiopurine (3 1) .-A solution 
of 30 (3 g)  in 6-picoline (150 ml) was stirred with phosphorus 
pentasulfide (6 g) and refluxed for 6 hr. The solvent was evapo- 
rated in  vacuo and the residue was heated with water (250 ml) 
for 15 min. The insoluble portion was purified, as described under 
A, as yellow microcrystals (3 g, 93%), mp >300" dec. For 
physical properties and analysis see Table IV. 
D. I-Methyl-2,S-dimethylthio-6-thiopurine (32).-A solution 

of the dithio derivative 31 ( 2  g) in DMF (50 ml) and methyl 
iodide (5 ml) was kept a t  room temperature for 12 hr. The sol- 
vent was distilled off an vacuo, the residue was dissolved in 1 N 
NaOH, and the product was precipitated by addition of glacial 
acetic acid. From ethyl acetate were obtained yellow needles, 
mp 295' (1 g, 4770) (see Table IV). 

The 6-thio group was not methylated even in boiling DMF. 
When either 31 or 32 were dissolved in sodium hydroxide and 
treated a t  room temperature with methyl iodide, a mixture of 

(18) K. L. Dille and B. E. Christensen, J .  Amer. Chem. Soc., 76,  6087 
(1954). 

(19) U. Reichman, F.  Bergmann, D. Lichtenberg, and Z. Neiman, J. 
Chem. SOC., in press. 

(20) A. Albert, J .  Chem. Soc. B ,  438 (1966). 
(21) C. W. Koell and R.  K. Robins, J. AmeT. Chem. Soc.,  81, 5997 (1959). 
(22) U. Reichman, et ai., unpublished results. 

two products was obtained. The substance, separating directly 
from the reaction mixture, was identified as 1,9-dimethyl-2,8- 
dimethylthiohypoxanthine (33).22 Acidification of the filtrate 
yielded 16, identical with the product described under B. 

3-Methyl-6,S-dimethylthio-2-oxopurine (19). A.  3-Methyl- 
6,s-dithiouric Acid (29).-A solution of 4,5-diamino-3-methyl-6- 
thiouracil (23) (21 g) in pyridine (170 ml) and carbon disulfide 
(21 ml) was stirred and refluxed for 5 hr in the presence of pow- 
dered sodium hydroxide (2 9). The solvent was removed in vacuo 
and the residue was dissolved in 2 N NaOH. After decolorization 
with charcoal, the filtrate was brought first to exactly pH 7 with 
hydrochloric acid and then to pH 6 by addition of acetic acid. 
The precipitate was purified by repetition of this method as 
yellow microcrystals (15 g, 57%), mp >300° dec (see Table IV). 
B. 3-Methyl-6,S-dimethylthio-2-oxopurine (19).-A solution 

of the foregoing product (1 g) in 2 N NaOH was methylated 
according to the method described under General Procedures 
(see Table IV). 
7-Methyl-2-methylthiohypoxanthine (23) .-23 was prepared by 

methylation of 7-methyl-2-thioxanthine (28),18 using the general 
procedure described above, mp >300° (see Table IV). 

9-Methyl-2,s-dimethylthiohypoxanthine (34) .-A solution of 9- 
methyl-2,8-dithiouric acidlo (1 g) in 2 N XaOH (150 ml) was 
stirred with methyl iodide (2 ml) a t  room temperature for 1 hr. 
The precipitate, formed upon neutralization, crystallized from 
I-butanol as colorless plates, mp >300° (see Table IV). 

9-Methyl-6,S-dimethylthio-2-oxopurine (36). A.  Synthesis 
of 9-Methyl-6,s-dithiouric Acid (35).-A mixture of 9-methyl-8- 
thiouric acid28 (5 g), phosphorus pentasulfide (10 g), and pyridine 
(300 ml) was stirred and refluxed for 4 hr. The solvent was 
removed in  vacuo and the residue was treated with boiling water 
(250 ml) for 15 min. The insoluble portion was dissolved in 25% 
ammonia (charcoal) and the product was precipitated by neu- 
tralization with glacial acetic acid as yellow microcrystals (3 g, 
567,), mp 1300" dec (see Table IV). 

B. 9-Methyl-6,S-dimethylthio-2-oxopurine (36).--Methylation 
of an alkaline solution of the foregoing product with methyl 
iodide was carried out as described before; colorless rods (ethanol) 
(90%) were obtained, mp 276-277" (see Table IV).  

Calculation of Superdelocalizabilities .-The Huckel topological 
matrices were constructed, using the appropriate parametrization 
of the Coulomb and resonance integrals. After diagonalization 
(Jacobi's method), the wave functions and energies were sub- 
jected to a "frontier" calculation according to the formulation 
of Fukui.12 All computations were performed on a CDC 6400 
digital computing machine using a Fortran program. 

Registry No.-1, 39008-18-9; 2, 39008-19-0; 3, 
39008-20-3; 4,39008-21-4; 5,39008-22-5; 6,39008-23-6; 
7, 39008-24-7; 8, 39008-23-6; 9, 18019-39-1 ; 10, 
18019-41-5; 11, 39013-71-3; 12, 39013-72-4; 13, 
39013-73-5; 14, 39013-74-6; 15, 33867-98-0; 16, 
39013-76-8; 17, 39008-44-1; 19, 39013-78-0; 21, 
39013-79-1; 22, 39057-19-7; 23, 39013-80-4; 28, 
39013-81-5; 29, 39013-82-6; 30, 39013-83-7; 31, 

(23) H. Biltz, K. Strufe, E. Topp, M. Heyn, and R .  Roll, Justus Lzebigs 
Ann. Chem., 428, 200 (1921). 
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Pteridines. I. @-Keto Sulfoxides and a-Keto Aldehyde Hemithioacetals 

7- Substituted Pteridines1 
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as Pteridine Precursors. A New Selective Synthesis of 6- and 
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Alkyl and aralkyl p-keto sulfoxides are converted into 2-amino-4-hydroxypteridines on treatment with 2,4,5- 
triamino-6-hydroxypyrimidine sulfate and sodium acetate in glacial acetic acid at  room temperature for 0.5-1.0 
hr followed by refluxing for 1 hr. The only pteridines isolated under these specific conditions are the 6 isomers, 
with no 7 isomers detected by uv or nmr analysis. In order to account for the positional selectivity of the reac- 
tion, a mechanism is proposed wherein p-keto sulfoxides are viewed as "latent" a-keto aldehydes. A regio- 
specific synthesis of the isomeric 7-substituted pteridines is also described, involving the use of a-keto aldehyde 
hemithioacetals. Kmr spectra of the 6- and 7-substituted pteridines in FSOIH and in 1 : 4 FSO~H-CF~COZH 
solution are reported. 

The problem of devising a direct and unequivocal 
route to 6-substituted pteridines has long challenged 
the imagination of synthetic organic chemist's.2 I n  the 
classical approach, condensation of a-keto aldehydes 
with 4,5-diaminopyrimidines leads to varying mixtures 
of 6- and 7-substituted products, even in the presence 
of "aldehyde-protecting" reagents such as sodium 
bisulfite, 8,4 hydrazine,Sb6 or 2-mercaptoethanoL7 Simi- 
larly, a-keto aldehyde derivat'ives with the aldehyde 
function blocked in the form of an acetal8 or hydrazones 
afford mixtures because acid-cat'alyzed partial dissocia- 
tion to the free a,ldehyde cannot be completely pre- 
vented.6 Although several alternatives have been de- 
veloped in order t o  circumvent t'hese difficulties, they 
all involve lengthy and sometimes inefficient reaction 
schemes. Familiar examples include several variantsg~'O 

(1) This investigation was supported in part by Research Contract 
DADA-17-71-C-1001 from the U. S. Army Research and Development Com- 
mand, Office of the Surgeon General, and by Research Grant (36516 from 
the National Cancer Institute, National Institutes of Health, U. S. Public 
Health Service. This is publication no. 1065 from the U. S. Army Research 
Program on Malaria. 

(2) For a review of recent advances, see "Chemistry and Biology of 
Pteridines, Proceedings of the Fourth International Symposium on Pteri- 
dines, Toba, July 1969," K. Imai, Ed.,  International Academic Printing Co., 
Tokyo, Japan, 1970. 

(3) (a) D. R. Seeger, D. B. Cosulich, J. M. Smith, Jr.,  and M. E .  Hult- 
suist ,  J .  Amer. Chem. Soc., 71, 1753 (1949); (b) C. W. Waller, 9. A. Gold- 
man, R. B. Angier, J. H. Boothe, B. L. Hutchings, J. H. Mowat, and J. Semb, 
ibid. ,  72, 4630 (1950). 

(4) C. Temple, Jr., A. G. Laseter, J. D.  Rose, and J. A. Montgomery 
J .  ffeterocycl. Chem., 7, 1195 (1970). 

( 5 )  (a) H. S. Forrest and J. Walker, J .  Chem. Soc., 79 (1949); (b) H. S. 
Forrest and J. Walker, i b i d . ,  2077 (1949): (0) H.  G. Petering and J. A. 
Schmitt, J .  Amer. Cham. Soc., 71, 3977 (1949); (d) J. Weinstock, R. Y. 
Dunoff, J. E. Carevic, J. G. Williams, and A. J. Villani, J. Med. Chem., 11, 
618 (1968). 

( 6 )  UT. Pfleiderer, H. Zondler, and R. Mengel, Justus Liebigs Ann. Chem., 
741, 04 (1970). 

(7) C.B. Storm,R.Shiman,andS.Kaufman,J.Org.Chem.,36, 3925 j l 9 i l ) .  
(8) (a) R. B. Angier, J .  O w .  Chem., 28, 1398 (1963); (b) B. R.  Baker and 

B.-T. Ho, J .  Pharm. Sci., 64, 1261 (1965). 
(9) R. D. Elliott, C. Temple, Jr., and J. A. Montgomery, J .  Org. Chem., 36, 

1676 (1970). 
(10) (a) J. I. DeGram, V. H. Brown, M. Cory, P. Tsakotellis, R. L. 

Kisliuk, and Y. Gaumont, J .  Med. Chem., 14, 206 (1971); (b) J. I. DeGraw, 
p. Tsakotellis, R. L. Kisliuk, and Y. Gaumont, J .  Heterocycl. Chem., 8, 105 
(1871); (0) J. I. DeGram, V. H. Brown, R. L. Kisliuk, and Y .  Gaumont, 
3. Med.  Chem., 14, 866 (1971). 

of the homofolic and bishomofolic acid synthesis, l1  and 
also the ingenious pyrazine route devised recently by 
Taylor and cowor1sers.l2 This report describes a new 
pteridine synthesis which is notable for its simplicity 
and appears to proceed with remarkable positional 
selectivity. The key element in our approach was the 
novel use of p-keto sulfoxides,la a readily accessible class 
of compounds whose acid-catalyzed  transformation^"^'^ 
allow them to be viewed as "latent" a-keto alde- 
hydes.l6,l7 

A representative group of p-keto sulfoxides (la-f), 
obtained from the appropriate esters via the dimethyl 
sulfoxide-sodium hydride procedure, 1 3 3 1 5  was allowed 
to react with 2,4,5-triamino-6-hydroxypyrimidine. In  
every instance the pteridine products were identified as 
6-substituted derivatives (2a-f) , with no evidence for 
the formation of 7 isomers. 

In  accord with considerations of a possible mechanism 
(see Chart I), the reaction was conducted in two stages. 
After equimolar amounts of each p-keto sulfoxide and 
of the pyrimidine (in the form of its sulfate salt) were 
suspended in glacial acetic acid containing 2 molar 
equiv of sodium acetate, the heterogeneous mixture was 

(11) (a) J. I. DeGram, J. P. Marsh, Jr., E. M. Acton, 0. P. Crews, C. W. 
Mosher, A. N. Fujiwara, and L. Goodman, J .  Org. Chem., 30, 3404 (1965); 
(b) C. W. Mosher, E. M .  Acton, 0. P. Crews, and L. Goodman, ib id . ,  32, 1462 
(1967); (0) Y.-H. Kim, V. Grubliauskas, and 0. M. Friedman, J .  Heterocycl. 
Chem., 9, 481 (1972). 

(12) (a) E. C. Taylor and K. Lenard, J .  Amer. Chem. Soc., 90, 2424 (1968); 
(b) E. C. Taylor and K. Lenard, Justus Liebigs Ann. Chem., 726, 100 (1969). 

(13) E. J. Corey and Ill. Chaykovsky, J .  Amer. Chem. Soc., 87, 1345 
(1965). 

(14) (a) €I.-D. Becker, G. J. Mikol, and G. A. Russell, J .  Amer. Chem. 
Soc., 86, 3410 (1963); (b) G. A. Russell and G. J. Mikol, ibid., 88, 5498 
(1066); (0) G. A. Russell and L. A. Ochrymomyoz, J .  Org. Chem., 86, 764 
(1970). 

(15) T. L. Moore, J .  OTQ. Chem., 32, 2786 (1967). 
(16) I n  the context of this work, use of the term "latent" is intended to  

denote the fact that  in p-keto sulfoxides, as opposed to  acetals, hydraaones, 
or other true aldehyde derivatives, the carbon destined to become an  alde- 
hyde is not yet in the aldehyde oxidation state a t  the start  of the reaction. 

(17) Following the completion of this work an  interesting example illus- 
trating the use of a p-keto sulfoxide as a "latent" a-keto aldehyde appeared: 
see hf. yon Strandtman, D. Connor, and J. Shavel, Jr., J .  Heterocycl. Chem., 
9, 175 (1972). 


